FOR somo time past I have been experimenting with various sulphur compounds with the hope of being able to find one sufficiently soluble in water for intravenous use. Di-ortho-di-amino-thio-benzene or intramine does not lend itself well for this purpose, because it has to be rendered so dilute and has to be so highly protected against producing shock. The more higbly protected a colloidal suspension of a drug the more its therapeutic action is diminished. The compounds I found to be most suitable were the carbon-disulphide products of di-ethyl-amine and of di-methyl-amine. These compounds are not unknown to chemists, as they were first prepared by Hoffmann some years ago, but as far as I know they have not been used medicinally or commercially. Though it is extremely difficult to prove how a drug acts chemically in the body, I believe the vehicle of the compound, mainly through an amino-group, brings about adsorption with the protein particles in the serum in the process of which the sulphur is liberated and acts as a di-sulphide. Experimenting with the thio-benzenes I found that the compound which had the amino-group in the ortho-position was the most active therapeutically, then the compound with the amino-group in the meta-position, and finally the compound with the amino-group in the para-position. This was my reason for selecting di-ortho-di-amino-thio-henzene. If intramine is injected intramuscularly into a rabbit mercaptan is formed locally, a body which rapidly disappears on oxidation and under the influence of iodine; presumably the mercaptan is converted into a di-sulphide.
2 R.SH + 0 = R.S.S.R. + H20 2 R.SH + 2 I = R.S.S.R. + 2H I In support of this view is the fact that the poisonous properties of ether, which Mackenzie Wallis showed to be due to the formation of mercaptans, vanish if the anaesthetic is passed over iodine or is treated with a permanganate. I therefore thought that by combining intramine with iodine I could practically double the action of the former. It is interesting to note, as it has a direct bearing upon this point, that if the carbon di-sulphide products of di-ethyl-AP-Tu I * [Januarti 10, 1922. amine and of di-methyl-amine are treated with iodine an S4 body, along with hydriodic acid, is formed.
2 NH (C2H,)2 + CS2 = /SN (CH(02H5)'2 2 CS S.NH2(C2H5)2 + 2 I S / CS -N (C2HT.)2 + 2 NH (C2H,), .H I N(C2 H'-\CS -N C2H5).2
The methyl bodies need not be considered, because they are more toxic than the ethyl bodies, because di-methyl-amine is more expensive to prepare than di-ethyl-amine, and because the iodized product of di-methyl-amine is insoluble in alcohol. In many instances the methyl-group is more toxic than the ethylgroup, as evidenced by the readiness with which methyl. alcohol will produce optic atrophy, and by the fact that ether made from methyl-alcohol and sulphuric acid is more toxic than the product made from ethyl-alcohol. All non-metallic organic compounds containing the sulphur group of elements, which includes sulphur, selenium and tellurium, when injected in repeated small doses, cause the serum which was previously negative to give a positive Wassermann reaction. As their continued administration changes the positive into an anti-complementary reaction, the advent of this stage is a good sign of toxicity, because it takes longer to reach with some preparations than with others. From my experimental work on the Wassermann reaction and upon the action of certain metals and non-metals in rabbits, I have formed the conclusion that the protein particles in the serum do not adsorb complement in the absence of the antigen unless they have undergone considerable damage. Further, this amount of damage is suffered before the parenchymatous cells of the important viscera are attacked. The CS2 compound of di-methyl-amine renders the Wassermann reaction anti-complementary in a shorter time than the corresponding ethyl body.
There is no doubt that these non-metallic preparations, when they reach the blood, have a physical action as well as a chemical action, and at present it is impossible to tell where one ends and the other begins; but it is from their physical action that we are able to measure their degree of toxicity. When the CS2 compound of di-ethyl-amine is injected intravenously it retards coagulation, it diminishes the number of the protein particles visible with the ultra-microscope, and it causes many of them to aggregate into clumps. In other words, it causes condensation of the protein particles and diminishes both the surface tension and viscosity of the serum. In the first stage of condensation the sugar in the blood diminishes, and in a subject who has albuminuria the urea concentration is also lessened. Metals which cause dispersion do exactly the opposite. In a later stage the sugar in the blood is increased and the hyperglycemia produced may be so great as to bring abouit glycosuria. In the last stage the animal (levelops paraplegia of the hind quarters with sphincter incontinence and dies from a transverse myelitis due to vascular degeneration. If rabbits are killed during these stages the following important visceral lesions are to be found. At first the liver and kidney cells contract, later they swell, and then the liver becomes profusely infiltrated with glycogen (determined by Best's cai-mine method). Later still the glycogen disappears from the lobules, from the periphery of each lobule first, and finally the liver is left two or three times its normal size. Though the cellular infiltration may be most marked around the central vein it is usually of portal origin. The renal changes are in the main vascular. The interlobular arteries show marked hyperplastic sclerosis, usually in the form of sub-endothelial proliferation. The arterioles show proliferation of the intima and then fatty infiltration. The cells of the Malpighian tufts undergo similar changes. At first a small round-celled infiltration, with and without plasma cells, which appears to be of lymphatic origin, picks out and surrounds here and there a Bowman's capsule. Later it gives rise to lamination of the capsule and complete hyaline degeneration of the glomerulus involved. These mesenchymatous changes are peculiarly local. The vessels in the spleen, which is also hypertrophied, likewise undergo hyperplastic sclerosis and arterio-sclerosis, but not by any means conformably with those in the kidney. For instance, the arterioles may show well-marked arterio-sclerosis in the kidney and no more than proliferation of the intima in the spleen of the same animal. Hyperplastic sclerosis also affects the arteries in the lungs and both forms of sclerosis affect the vessels in the central nervous system. There is no difference between the chbnges produced by non-metals in both the blood and organs of rabbits and those produced in man by syphilis. A positive Wassermann reaction is obtained in both, and a normal saline extract of the liver makes as good an antigen as an extract of a congenital syphilitic liver, while a similar extract of a normal rabbit's liver possesses no antigenic properties. Furthermore, the visceral changes are parenchymatous if affected early and mesenchymatous or cirrhotic if affected late. Injecting intravenously 0 25 grm. dissolved in 3-0 c.c. of normal saline, at weekly intervals, of the CS2 compound of di-ethyl-amine, between 24 and 30 c.c. are required to kill a rabbit weighing roughly 2 kilos. At first sight, owing to the ease with which both alkalies and acids liberate carbon di-sulphide, it might be thought that the compound in question would be toxic, but such is not the case, as the alkalinity of the blood is not sufficiently powerful. Large doses can be injected into man with impunity, provided the solution is diluted and protected with glucose, because, oddly enough, concentrated solutions, while not embarrassing rabbits, are apt to produce transient splanchnic shock in human beings. The percentage of sulphur in the C82 compound of di-ethylamine is 28-4 per cent. and the solubility in normal saline is 1 in 2-5. I have found that patients suffer no inconvenience from repeated doses of 025 to 0 5 grm. dissolved in 1-5 to 3 0 c.c. of normal saline for intramuscular use and of 0-25 grm. dissolved in 10 c.c. of normal saline containing 10 per cent. of glucose for intravenous use. If an overdose has been administered, the effect produced can be nullified immediately by injecting a metallic preparation, such as I advised in mustard-gas poisoning. The iodized compound contains 9-2 per cent. of sulphur and 50 per cent. of iodine; therefore it is more than probable that it is a mixture with a considerably larger proportion of NH(C0H5)2 .H I than is indicated in Hoffmann's forrmula. The iodized compound is soluble 1 in 6-2 of absolute alcohol. If one part of the alcoholic solution is mixed with two parts of the peptone mixture contained in intramine No. 2, 3 c.c. can be repeatedly injected intramuscularly with impunity and without causing pain. It is extremely likely that the ethyl-groups impart anesthetic properties to the compounds. I have employed both products continuously for several months, and have formed the opinion that the CS2 compound of di-ethyl-amine is a more powerful therapeutic agent than its iodized body and that both are on the whole more active than intramine. This is probably owing to the greater ease with which the non-metal is dissociated in the CS2 products. These bodies have the same uses as intramine. They can be employed locally to heal sluggish wounds and in the form of pessaries in cases of chronic cervicitis. They can be injected intravenously and intramuscularly to prevent and combat metallic intoxication. They are particularly useful in certain late syphilitic lesions, in chronic gonococcal complications, arthritis of varied aetiology, and in certain chronic dermatoses, especially acne rosacea and vulgaris and seborrhceic dermatitis. Broadly speaking, they are useful in all cases in which fibrosis is bccurring and has formed, provided the fibrous tissue has not become completely organized. The compounds are more active and at the same time less toxic than allyl-thio urea (thiosinamine) and its sodium salicylate (fibrolysin) and ethyl-iodide (tiodine) compounds.
